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The invention described herein may be manufactured 
and used by or for the Government of the United States of 
America for governmental purposes without the payment 
of any royalties thereon or therefor. 

The present invention relates to an improved cobalt-base 
alloy having a high load carrying capacity at elevated tem- 
peratures. The invention is further concerned with a 
cobalt-base alloy that is stable in a high vacuum and ex- 
hibits good corrosion resistance characteristics. 

Present day aerospace structures require alloys which 
can be subjected to the dual environment of liquid metals 
on one surface and a high vacum on the other. Examples 
of such structures are components for turbo-electric space 
power systems in which nuclear power is converted to 
electric power through the medium of a closed thermo- 
dynamic cycle. Such systems have many componcnts, 
such as reactor, radiator, ducting and various turbo-gen- 
erator parts, and the ducting as we4 as the radiator com- 
ponents present some extremely critical materials prob- 
lems. For example, the material in these components, 
must be ductile to facilitate forming as well as corrosion 
resistant and have good high temperature strength proper- 
ties. Pump and turbine components represent other ex- 
amples of aerospace structures requiring improved high 
temperature strength and ductility. 

Certain stainless steels as well as wrought nickel and 
cobalttbase alloys have been considered for ducting i n  
turbo-electric space power systenis. Also refractory metal 
alloys of columbium have been considered for tempera- 
tures of 2000" F. and above. 

Each of these types of materials has certain limitations 
when considered for use in turbo-electric space power 
system ducting applications. For example, stainless steels 
are limited to approximately 1400" F. for long life, even 
at the relatively low stress levels likely to be encoun- 
tered in ducting for turboelectric space power systems. 
Wrought commercial cobalt and nickel-base alloys are 
limited to approximately 1600" and 1700" F., respectively, 
for Ion4 life a t  low stress levels. Some metals tend to 
evaporate more than others in a high vacuum because the 
vapor pressures of the various metals differ, and chro- 
mium as well as aluminum are particularly susceptible to 
evaporation losses. Virtually all stainless steels, cobalt-, 
and nickel-base alloys contain appreciable quantities of 
chrolriium, and most nickel-base super alloys contain 
aluminum, as well. Therefore, evaporation of these ek-  
ments may occur during long time exposure of these alloys 
to a high vacuum environment. As a consequence, the 
structural integrity of these alloys may be affected. The 
manner in which the alloying element is tied up in the 
metal matrix can greatly affect this process. By way of 
example, a solid solution of chromium in a metal matrix 
would be very likely to be more readily affected by evap- 
oration than chromium that is part of an intermetallic 
minor phase. 

A solution to the problem would be the elimination of 
high vapor pressure alloying elements in the a l l o y b .  From 
a corrosion resistance standpoint, cobalt resists corrosion 
by mercury more than nickel but less than iron. It ap- 
pears that cobalt is at least equivalent to nickel in cor- 
rosion resistance in alkali metals up to the limit of its 
useful temperature range. Certain stainless steels, though 
acceptable up to 1600" F. in contact with the alkali metals, 

show a low compatibility with mercury if they have a 
high nickel and/or a high chromium content. Nickel- 
base alloys are not compatible with mercury, but may be 
used with the alkali metals up to approximately 1700" F. 

5 Refractory columbium alloys, although having excellent 
e!evated temperature strength characteristics and corrosion 
resistance to both mcrcury and the alkali metals, are very 
subject to oxidation. This makes pilot or ground tests 
of prototype units using this material extremely difficult 

It is, therefore, an object of the present invention to 
provide a cobalt-base alloy capable of high load-carrying 
capacity a t  temperatures up to 1850" F. SO that the in- 
creases in efficiency possible through operation at high 

15 cycle temperatures may be realized with advanced turbo- 
electric space power systems. 

Another object of the invention is to provide an alloy 
which has resistance to  the corrosion of contacting beat 
transfer and turbine-drive-fluid media. 

Another object of the invention is to provide an alloy 
which is stable in the high vacuum of space at  elevated 
temperature. 

A further object of the invention ,is to provide a cobalt- 
base alloy that is worhable so that it may be fabricated 

25 into sheet or tubing for ducting and radiator applications. 
These and other objects and advantages of the invention 

will be apparent from the specification which follows. 
The present invention is embodied in alloys having the 

following composition range : 
30 Cobalt _ _ _ _ _ _ _ _ _ _  From about 48.5% to about 84.5%. 

Tungsten _ _ _ _ _ _ _ _  From about 15% to about 45%. 
Titanium _ _ _ _ _ _ _ _  From about 0.4% to about 2.5%. 
Zirconium _ _ _ _ _ _ _  From about 0% to about 3.0%. 
Carbon _ _ _ _ _ _ _ _ _  From about 0.1% to about 1.0%. 

A preferred alloy has the following composition: 

10 and expensive. 
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Percent, about 
Cobalt ______________________________________ 73.6 
Tungsten _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  25.0 

40 Titanium _____________________________________  1.0 
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Zirconium ____-________________________________ 0 
Carbon____-____--___----_-----_----_-_-_--_-_0.40 

The addition of zirconium up to about three percent to 
the above preferred alloy composition further improves 
the strength properties. For example, 1800" F.--I5,000 
p.s.i. rupture lives in air i n  excess of 350 hours and 1850" 
F.-15,000 p.s.i. rupture Lives in excess of 90 hours have 
been obtained with addition of zirconium to the preferred 
composition in which the cobalt content is lowered to 
accommodate the addition. Thus, a more preferred alloy 
has the following composition: 

Percent 
Cobalt ______________________________________  73.1 
lungsten _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  25.0 
Titanium _____________________________________ 1.0 
ZIrcomum ____________________________________  0.5 
Carbon ______________________________________  0.4 

The subject allo)is were prepared with one of the sim- 
plest possible casting techniques. The melt was made 
in a refractory crucible of zirconia which was placed in a 
h*igh frequency induction coil. 

The bottom of a cold zirconia crucible was covered 
with a small quantity of electrolytic cobalt. On top of 
this, carbon was placed in the form of one inch diameter 
compacts of lamp black. This was covered with briquet- 
tcd titanium sponge. The whole was covered with electro- 
lytic cobalt nearly filling the crucible. A cylindrical shield 
was placed around the top of the crucible, and a flow of 
argon was directed at the top of the charge. 

Once the charge had begun to settle, the remaining co- 
balt was added. When this portion of the charge was 

. .  



Alloy 

Co-25W-lTi-0.4C. ____________________. . 

Co-25\V-lTi-O.SZr-O.4C _______________._. 

W1-52 (Cast)- ______.__________.__ ~ _.._. 
11s-31 ( c k t )  .____.____.__._____..--. 
115-25 (Wrought) ._._____ ~.~ -...-- ~ ..--. 

Alloy 

Average 30 1.0% carbon. 
Strrss, Teiiip., Ruiiture 
i x i .  O F. Lire i i i  

air, hrs. 
2. The cobalt base alloy of claim 1 additionally contain- 

ing up to 3 %  zirconium, the cobalt content of said alloy 
being adjusted to accommodate the addition. 

>w 3. A cobalt base alloy capable of htigh load carrying 15. OM) 1 , m o  

{ 15rM'n 13x'i" >go capacity at elevated temperatures consisting essentially 15.000 1,&50 
iGo of 73.6% cobalt, 25.0% tungsten, 1.0% titanium, and 16.000 1,NiO 

i5.onn 1 . ~ 0 0  <IO 
15.000 1,800 <io  0.4% carbon. 

-/-____ 

Co-258\1'-ITi-O.PC- _ _ _ _ _ _ _  _____________. 

' \powre  
Tiiiie, 

111s. 

301 

300 

301 
29' 

301 

294 
SI 

1,200 

1. ion 

1,100 

1,300 
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